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(54) Process for synthesis of lower isoparaffins from synthesis gas 



(57) A process for synthesis of lower isoparaffins 
from synthesis gas that is a mixture of hydrogen and 
carbon monoxide, wherein straight chain hydrocarbons 
are synthesized while isoparaffins and isoolefins are al- 
so produced through decomposition of hydrocarbons 
having a higher carbon number by use of a solid acid 
catalyst in the first stage, and isoparaffins are synthe- 
sized in the second stage. The straight chain hydrocar- 



bons are produced by contacting the synthesis gas with 
a Fischer-Tropsch synthesis catalyst that is mixed with 
a solid acid catalyst for mainly hydrocracking long chain 
hydrocarbons. The isoparaffins are produced by con- 
tacting the straight chain hydrocarbons synthesized in 
the first stage, with a mixture of a hydrogenation catalyst 
for hydrogenating olefins and a solid acid catalyst for 
hydrocracking and isomerizing the straight chain hydro- 
carbons. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 5 

[0001] The invention relates generally to an improve- 
ment in the process for synthesis of lower isoparaffins 
from synthesis gas (hereinafter referred to as "syngas" 
when appropriate) which is a mixture of hydrogen and to 
carbon monoxide. 

2. Description of Related Art 

[0002] Processes for producing lower aliphatic satu- 15 
rated hydrocarbons (lower paraffins) from syngas (i.e., 
a mixture of hydrogen and carbon monoxide) are well 
known in the art. An example of the known processes 
uses a catalyst that is a physical mixture of a methanol 
synthesis catalyst based on, for example, Cu-Zn, Cr-Zn, 20 
Pd, or the like, with a methanol conversion catalyst com- 
prising, for example, zeolite. In this method, the syngas 
is converted to lower aliphatic saturated hydrocarbons 
via methanol in one pass through the above-mentioned 
catalyst. This process for producing lower aliphatic sat- 25 
urated hydrocarbons via methanol, however, suffers 
from problems, such as severe reaction conditions, de- 
activation of the catalyst, and low selectivity for compo- 
nents whose carbon number is equal to or greater than 
4 (i.e., at least C4 components). 30 
[0003] Meanwhile, a process has been proposed for 
producing lower isoparaffins under relatively mild reac- 
tion conditions without causing syngas to be converted 
to methanol during the process. This process uses acat- 
alyst for Fischer-Tropsch (FT) synthesis for synthesiz- 35 
ing higher paraffins and lower olefins from syngas, and 
uses a solid acid catalyst, such as zeolite, for producing 
lower isoparaffins by hydrocracking or isomerizing the 
higher paraffins and lower olefins. This process for syn- 
thesis of lower isoparaffins is disclosed in "DIRECT 40 
SYNTHESIS OF ISOPARAFFINS FROM SYNTHESIS 
GAS", Kaoru FUJIMOTO et al. ( CHEMISTRY LET- 
TERS, pp. 783-786, 1985. 

[0004] The aforementioned process uses a mixed 
catalyst that is a mixture of the FT synthesis catalyst and ^ 
the solid acid catalyst such as zeolite as described 
above, so as to produce lower isoparaffins from syngas 
in one pass through the mixed catalyst. The resultant 
lower isoparaffins have a high octane number and are 
suitable for use as high-performance transportation fuel, so 
[0005] In the process for synthesis of lower isoparaf- 
fins usingthe known FT synthesis reaction as described 
above, the optimal temperature for the synthesis reac- 
tion on a cobalt catalyst as one type of the FT synthesis 
catalyst is in the range of 240 to 260°C, whereas the S5 
optimal temperature for the hydrocracking reaction on 
zeolite as one type of the solid acid catalyst is in the 
range of 280 to 320°C. Thus, there is a great difference 



in the optimal temperature range between the above two 
reactions. In other words, the one-pass reaction for syn- 
thesis of lower isoparaffins suffers from a mismatch in 
the optimal temperature range between the FT synthe- 
sis catalyst and the solid acid catalyst. 
[0006] If the synthesis of lower isoparaffins is carried 
out at atemperature in the range of 280 to 320°C t which 
is the optimal temperature range for the hydrocracking 
reaction, the selectivity for methane in the FT synthesis 
reaction may undesirably increase. 
[0007] If the synthesis of lower isoparaffins is carried 
out at atemperature in the range of 240 to 260°C, which 
is the optimal temperature range for the FT synthesis 
reaction, on the other hand, the selectivity for methane 
may be reduced, but there may arise other problems as 
follows: the selectivity factor for isoparaffins is reduced 
due to an insufficient ability of the solid acid catalyst to 
achieve hydrocracking, and the carbon numbers of hy- 
drocarbons produced in this manner are distributed over 
an extended or larger range. 

SUMMARY OF THE INVENTION 

[0008] It is an object of the invention to provide a proc- 
ess for synthesis of lower isoparaffins from synthesis 
gas wherein synthesis reactions are conducted at tem- 
peratures most suitable for respective types of catalysts 
so that the selectivity for lower isoparaffins as a target 
product can be increased. 

[0009] To accomplish the above and other objects, the 
invention provides a process for synthesis of lower iso- 
paraffins from synthesis gas that is a mixture of hydro- 
gen and carbon monoxide, comprising the steps of; (1) 
synthesizing straight chain hydrocarbons in a first stage 
by contacting the synthesis gas with a Fischer-Tropsch 
synthesis catalyst that is mixed with a solid acid catalyst 
for mainly hydrocracking long chain hydrocarbons, and 
(2) synthesizing isoparaffins in a second stage by con- 
tacting the straight chain hydrocarbons synthesized in 
the first stage, with a mixture of a hydrogenation catalyst 
for hydrogenating olefins and a solid acid catalyst for 
hydrocracking and isomerizing the straight chain hydro- 
carbons. 

[0010] In the process as described above, the 
Fischer-Tropsch synthesis catalyst may be cobalt (Co) 
supported by silica or CoMn0 2 prepared by a coprecip- 
itation method. 

[0011] In the process as described above, the hydro- 
genation catalyst may be paradium (Pd) or platinum (Pt) 
supported by silica or active carbon, for example. 
[0012] In the process as described above, the hydro- 
genation catalyst may be paradium (Pd) or platinum (Pt) 
directly supported by, for example, zeolite serving as the 
solid acid catalyst. 

[0013] In the process as described above, hydrogen 
may be added to the second stage in which the isopar- 
affins are synthesized. 

[0014] in the process as described above, synthesis 
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of the straight chain hydrocarbons in the first stage may 
be carried out at a temperature in a range of 240 to 
260°C, and synthesis of the isoparaffins in the second 
stage may be carried out at a temperature in a range of 
280 to 320*C. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The invention will be described in conjunction 
with the following drawings in which: 

Fig. 1 is a schematic view showing an apparatus or 
system for carrying out a process for synthesis of 
lower isoparaffins from synthesis gas according to 
the invention; 

Fig. 2 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when FT synthesis in the first reaction stage was 
conducted by using only an FT synthesis catalyst 
and H^CO was equal to 3.0; 
Fig. 3 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when FT synthesis in the first reaction stage was 
conducted by using a mixture of an FT synthesis 
catalyst with a solid acid catalyst and Hg/CO was 
equal to 3.0; 

Fig. 4 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when FT synthesis in the first reaction stage was 
conducted by using only the FT synthesis catalyst 
and H^CO was equal to 1 .2; 
Fig. 5 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when FT synthesis in the first reaction stage was 
conducted by using a mixture of the FT synthesis 
catalyst with the soiid acid catalyst and Hg/CO was 
equal to 1.2; 

Fig. 6 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when H-mordenite was used as a solid acid catalyst 
in the second reaction stage; 
Fig. 7 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when H-ZSM-5 was used as a solid acid catalyst in 
the second reaction stage; 
Fig. 8 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when H-USY was used as a solid acid catalyst in 
the second reaction stage; 
Fig. 9 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when H-p is used as a solid acid catalyst in the sec- 
ond reaction stage; 

Fig. 10 is a graphical representation showing 
changes in the selectivity (%) for isoparaffins with 
time when palladium supported by silica is used as 
a hydrogenation catalyst in the second reaction 
stage; 



Fig. 11 is a graphical representation showing the se- 
lectivity (%) for respective types of hydrocarbons 
when the reaction temperature was controlled to 
250°C in the first reaction stage and controlled to 

5 280°C in the second reaction stage; 

Fig. 12 is a graphical representation showing the 
selectivity (%) for respective types of hydrocarbons 
when the reaction temperature was controlled to 
250 C C in the first reaction stage and controlled to 

10 300°C in the second reaction stage; and 

Fig. 13 is a graphical representation showing the 
selectivity (%) for respective types of hydrocarbons 
when the reaction temperature was controlled to 
250°C in the first reaction stage and controlled to 

15 320°C in the second reaction stage. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENT(S) 

20 [0016] An embodiment of the Invention will be de- 
scribed referring to the drawings. 
[0017] Fig. 1 shows an example of an arrangement or 
system for carrying out a process for synthesis of lower 
isoparaffins from synthesis gas or syngas according to 

25 the invention. In Fig. 1, syngas, which is a mixture of 
hydrogen and carbon monoxide, is supplied to a first re- 
action vessel 1 0 in which first-stage reactions of the in- 
vention take place, namely, straight chain hydrocarbons 
are produced through the Fischer-Tropsch (FT) synthe- 

30 sis. The straight chain hydrocarbons thus produced in 
the first reaction vessel 1 0 are then supplied to a second 
reaction vessel 12 in which second-stage reactions of 
the invention take place, namely, the straight chain hy- 
drocarbons are hydrocrackedand isomerized to thereby 

35 produce isoparaffins. 

[0018] With a synthesis gas, which may be a mixture 
of hydrogen and carbon monoxide, being fed to the first 
reaction vessel 10, the FT synthesis is carried out in the 
vessel 10, using an FT synthesis catalyst, at a temper- 

40 ature in the range of 240 to 260°C and a pressure of 
approximately 10 to 30 atm. In the reaction vessel 12, 
a suitable catalyst is used for causing the second-stage 
reactions at a temperature in the range of 280 to 320°C 
and the same pressure as in the reaction vessel 10. It 

45 is thus possible to cause the above-described reactions 
to take place under temperature conditions that are 
most suitable for the respective catalysts, thus improv- 
ing the selectivity for lower isoparaffins to a desired lev- 
el. 

so [0019] By adding hydrogen into the second reaction 
vessel 12 to compensate for its deficiency in terms of 
the quantity, the second-stage reactions, i.e., hydroc- 
racking and isomerization, can be more actively realized 
with high stability. 

55 [0020] The first reaction vessel 10 for the first-stage 
reactions contains a mixture of the FT synthesis catalyst 
for the FT synthesis reaction, with a solid acid catalyst 
for hydrocracking a wax component, or long chain hy- 
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drocarbon, generated in the FT synthesis reaction. The 
FT synthesis catalyst may be selected from, for exam- 
ple, a cobalt-based catalyst in which cobalt is supported 
by silica, and CoMn0 2 prepared by a coprecipitation 
method. 

[0021] To provide the above-indicated catalyst in 
which cobalt is supplied by silica, silica gel may be im- 
pregnated with an aqueous solution of cobalt nitrate, for 
example. Preferably, the amount of cobalt thus support- 
ed is about 20 wt%. 

[0022] The CoMn0 2 may be prepared in the copre- 
cipitation method, e.g., by dropping sodium carbonate 
serving as a precipitant into a mixed solution of cobalt 
nitrate and manganese nitrate, adjusting pH to be equal 
to about 8, and calcining the resulting mixture in the air 
at 400°C. In this case, the weight ratio of Co to Mn0 2 is 
preferably 20 : 80 (Co: Mn0 2 = 20 : 80). 
[0023] When CoMn0 2 prepared by the coprecipita- 
tion method, rather than cobalt supported by silica, is 
used as the FT synthesis catalyst, the selectivity for 
methane (CH 4 ) is reduced as compared with the case 
where the cobalt-supported catalyst is used. For in- 
stance, where the cobait supported by silica was used 
as the FT synthesis catalyst, the selectivity for methane 
in the FT synthesis at 240°C and 1 0 atm with H^CO = 
3.0 was about 25%. Where the CoMn0 2 prepared by 
the coprecipitation method was used, the selectivity for 
methane remained as low as about 13%. 
[0024] The FT synthesis catalyst may also be select- 
ed from molten iron catalysts and precipitated iron cat- 
alysts, in addition to the above-mentioned catalysts. 
[0025] It is preferable to use zeolite, such as MFf 
(trade name: H-ZSM-5), as the solid acid catalyst to be 
mixed with the FT synthesis catalyst. 
[0026] With the FT synthesis catalyst and the solid ac- 
id catalyst thus combined as described above, a wax 
component in the form of long chain hydrocarbons gen- 
erated by the FT synthesis reaction may be decom- 
posed by the solid acid catalyst, such as zeolite, in the 
first reaction vessel 1 0. This makes it possible to prevent 
or reduce the possibility of deactivation of the FT syn- 
thesis catalyst due to accumulation of wax on the sur- 
face of the FT synthesis catalyst, such as the cobalt- 
supported catalyst, thus permitting stable FT synthesis 
reactions. Since the reactivity of the solid acid catalyst 
in the wax decomposition is increased as the carbon 
number of the wax increases, long chain hydrocarbons 
that mainly provide a wax component may be decom- 
posed by the solid acid catalyst, 
[0027] Referring back to Fig. 1, the second reaction 
vessel 1 2 f orthe second-stage reactions contains a mix- 
ture of a hydrogen ation catalyst for hydro g en ating ole- 
fins contained in the hydrocarbons supplied from the 
first reaction vessel 10, and a solid acid catalyst for hy- 
drocracking and isomerizing straight chain hydrocar- 
bons supplied from the first reaction vessel 1 0. The mix- 
ture ratio of the hydrogenation catalyst to the solid acid 
catalyst is preferably about 1 to 4, but is not limited to 



this ratio. 

[0028] A noble metal may be used as the hydrogen- 
ation catalyst. In particular, palladium (Pd) supported by 
silica is preferably used. 
5 [0029] As the solid acid catalyst for use in the second 
reaction vessel 12, zeolite selected from, for example, 
H-USY, H-p, H-Y, H-ZSM-5; and H-Mor (mordenite), 
may be used. 

[0030] The hydrogenation catalyst used in the second 
10 reaction vessel 12 is not limited to palladium supported 
by silica as described above, but may also be favorably 
provided by a noble metal, such as palladium (Pd) or 
platinum (Pt), which is directly supported by zeolite, or 
the like, which serves as the solid acid catalyst. 
is [0031] In the second reaction vessel 12, hydrogen at- 
oms or hydrogen ions are produced on the hydrogena- 
tion catalyst, and the hydrogen atoms or ions thus pro- 
duced serve to hydrogenate olefins contained in the 
product of the FT synthesis supplied from the first reac- 
tion vessel 10. As a result, tar, orthe like, which would 
otherwise be produced due to polymerization of olefins, 
is prevented from adhering to the surface of the solid 
acid catalyst, thus suppressing or preventing deteriora- 
tion of the catalytic activation of the solid acid catalyst. 
[0032] Figs. 2 to 5 showthe study results on the effect 
of hydrocracking of the solid acid catalyst in the first re- 
action vessel 1 0. Fig. 2 shows the selectivity (%) for hy- 
drocarbons having different carbon numbers, which hy- 
drocarbons were produced by the FT synthesis using a 
catalyst that consists solely of cobait supported by silica 
as the FT synthesis catalyst, at a reaction temperature 
of 240*C and a reaction pressure of 1 0 atm . The FT syn- 
thesis was carried out while synthesis gas having the 
mixture ratio of H^CO = 3.0 was fed to the first reaction 
vessel 1 0 in an amount of 0.2 moi per hour with respect 
to 1 g of the FT synthesis catalyst. Fig. 3 shows the se- 
lectivity (%) for hydrocarbons having different carbon 
numbers, which hydrocarbons were produced underthe 
same reaction conditions as described above, using a 
catalyst prepared by adding 20 wt.% of H-ZSM-5 zeolite 
to the FT catalyst (cobalt supported catalyst). 
[0033] Fig, 4 shows the result obtained in the case 
where the FT synthesis was conducted in the first reac- 
tion vessel 10 to which syngas whose ratio H^/CO is 
equal to 1 .2 was supplied, using a catalyst to which no 
zeolite as a solid acid catalyst was added as in the case 
of Fig. 2. Fig. 5 shows the result obtained in the case 
where the FT synthesis was conducted in the first reac- 
tion vessel 10 to which syngas whose ratio H^/CO is 
equal to 1 .2 was supplied, using a catalyst prepared by 
adding 20 wt% of H-ZSM-5 zeolite to the FT synthesis 
catalyst as in the case of Fig. 3. 
[0034] Comparisons between the results of Fig. 2 and 
Fig. 3 and those of Fig. 4 and Fig. 5 reveal that the use 
of the catalyst to which H-ZSM-5 zeolite serving as a 
solid acid catalyst was added results in a significant re- 
duction in the selectivity for long chain hydrocarbons. It 
will be understood from this result that zeolite added to 
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the catalyst serves to mainly decompose long chain hy- 
drocarbons, or a wax component. 
[0035] Figs. 2 to 5 show the selectivity (%) for isopar- 
affins, olefins, and normal paraffins (n-paraffins), re- 
spectively, with respect to the hydrocarbons of each car- 
bon number. Since hydrocracking and isomerization as 
well as the FT synthesis occur in the first reaction vessel 
1 0 due to the addition of zeolite serving as a solid acid 
catalyst in the cases of Fig. 3 and Fig. 5 f the proportion 
of isoparaffins as well as that of n-paraffins is increased. 
[0036] Figs. 6 to 9 show the results of analysis on the 
selectivity of the product discharged from the second re- 
action vessel 12 when the hydrocarbons synthesized by 
the FT synthesis catalyst mixed with the solid acid cat- 
alyst in the first reaction vessel 10 were introduced into 
the second reaction vessel 12 containing a mixture of 
the hydrogenation catalyst and the solid acid catalyst for 
hydrogenation of olefins and hydrocracking and isomer- 
ization of straight chain hydrocarbons. In this example, 
the catalyst used in the first reaction vessel 10 was a 
mixture of cobalt supported by sil ica serving as a FT syn- 
thesis catalyst and H-ZSM-5 zeolite serving as a solid 
acid catalyst. In the second reaction vessel 12, one se- 
lected from various types of zeolite was used as a solid 
acid catalyst, and palladium (Pd) supported by silica 
was used as a hydrogenation catalyst. 
[0037] The reaction conditions were as follows: the re- 
action temperature and pressure in the first reaction 
vessel 10 were controlled to 250°C and 1 0 atm, respec- 
tively, and the temperature and pressure in the second 
reaction vessel 1 2 were controlled to 300°C and 1 0 atm, 
respectively. The composition ratio of syngas supplied 
to the first reaction vessel 10 was H 2 /CO = 1 .8, and the 
syngas was supplied to the vessel 10 in an amount of 
0.2 mol per hour with respect to 1 gram of the FT syn- 
thesis catalyst. 

[0038] Fig. 6 shows the result obtained when H-mor- 
denite (Mor) as one type of zeolite was used as the solid 
acid catalyst in the second reaction vessel 12 under the 
aforementioned reaction conditions. Fig, 7 shows the re- 
sult obtained when H-ZSM-5 was used as the solid acid 
catalyst (zeolite) in a similar manner. Fig. 8 and Fig. 9 
show the results obtained when H-USY and H-j3 (Beta), 
respectively, were used as the solid acid catalyst (zeo- 
lite) in a similar manner. 

[0039] In the example of Fig. 6 in which H-mordenite 
as one type of zeolite was used as the solid acid catalyst, 
the proportion of long chain hydrocarbons whose car- 
bon number is 7 (C7) or greater was relatively large be- 
cause of low decomposition activation of H-mordenite. 
in the example of Fig. 7 in which H-ZSM-5 was used as 
the solid acid catalyst, the selectivity for light n-paraffins, 
for example, propane (C3) and n-butane (C4), was sig- 
nificantly high because of excessively high decomposi- 
tion activation of the solid acid catalyst. In the case 
where H-ZSM-5 was used as the solid acid catalyst, 
therefore, the selectivity for lower isoparaffins of C4 to 
C6 was relatively low. 



[0040] In comparison with the above examples, 
where H-USY was used as the solid acid catalyst as in 
the example of Fig. 8, the selectivity for lower isoparaf- 
fins having a carbon number of 4 to 6 (C4 to C6) was 
5 increased. It follows that H-USY is preferably used as 
the solid acid catalyst when the target product should 
contain a high proportion of lower isoparaffins having a 
carbon number of 4 to 6. 

[0041] The selectivity for lower isoparaffins having a 
10 carbon number of 4 to 6 in the product was also in- 
creased where H-p was used as the solid acid catalyst, 
as shown in Fig. 9. It is, however, to be noted that the 
proportion of isobutane having a carbon number of 4 
was particularly large, and the selectivity for propane 
15 was higher than that of H-USY. 

[0042] it will be understood from the above results that 
H-USY zeolite is most suitably used as the solid acid 
catalyst for producing lower isoparaffins having a car- 
bon number from 4 to 6. 

[0043] In the examples of Fig. 6 through Fig. 9, palla- 
dium supported by silica serving as a hydrogenation cat- 
alyst, in addition to the aforementioned solid acid cata- 
lyst, is supplied to the second reaction vessel 12. As a 
result, olefins produced in the FT synthesis in the first 
reaction vessel 10 and hydrocracking in the second re- 
action are almost completely hydrogenated and con- 
verted to saturated hydrocarbons. This makes it possi- 
ble to prevent tar from being produced on the catalyst 
surface due to polymerization of the olefins, thus sup- 
pressing otherwise possible deterioration in the activa- 
tion of the catalyst with time. If the hydrogenation cata- 
lyst were not added, the catalytic activation of the solid 
acid catalyst would greatly deteriorate with a lapse of 
the reaction time, thus making it difficult to put the cat- 
alyst to practical use. 

[0044] Fig. 1 0 shows the selectivity (%) for isoparaf- 
fins having a carbon number of 4 to 6 in the second re- 
action vessel 12 in which H-p zeolite was used as the 
solid acid catalyst and palladium supported by silica was 
used as the hydrogenation catalyst. Fig. 10 also shows 
the conversion ratio of CO and the selectivity for meth- 
ane (CH 4 ) in the first reaction vessel 10. 
[0045] As shown in Fig. 1 0, the selectivity for isopar- 
affins with a carbon number of 4 to 6 was hardly reduced 
even where the reaction continued for as long as 30 
hours. This indicates that the activity of the solid acid 
catalyst was hardly lost. This may be because the ole- 
fins are hydrogenated by the palladium supported by sil- 
ica serving as the hydrogenation catalyst as described 
above, and therefore tar, which would otherwise be pro- 
duced due to polymerization of the olefins, is prevented 
from being produced on the surface of the solid acid cat- 
alyst. 

[0046] Figs. 11 to 13 show the selectivity (%) of the 
product in the case where the reaction temperature in 
the first reaction vessel 10 was kept constant, i.e., at 
250° C while the reaction temperature in the second re- 
action vessel 12 was varied. 
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[0047] More specifically, the temperature in the sec- 
ond reaction vessel 12 was controlled to 280°C in the 
example of Fig. 11 , to 300°C in the example of Fig. 12, 
and to 320°C in the example of Fig. 13. In these exam- 
ples, the catalyst obtained by mixing H-ZXM-5 serving 
as a solid acid catalyst with cobalt supported by silica 
serving as a FT synthesis catalyst was used in the first 
reaction vessel 10, and the catalyst obtained by mixing 
palladium supported by silica serving as a hydrogena- 
tion catalyst with H-USY zeolite serving as a solid acid 
catalyst was used in the second reaction vessel 12. Fur- 
thermore, the reaction pressure was controlled to 10 
atm, and the composition ratio of syngas supplied to the 
first reaction vessel 10, i.e., H^CO, was equal to 1.8. 
Also, the syngas was supplied to thef irst reaction vessel 
10 in an amount of 0.2 mol per hour with respect to 1 
gram of the FT synthesis catalyst. 
[0048] It will be understood from Figs. 11 to 13 that 
the selectivity for long chain hydrocarbons is reduced 
with an increase in the reaction temperature. By control- 
ling the reaction temperature in the second reaction ves- 
sel 12 in this manner, the selectivity of the product for 
hydrocarbons having a particular carbon number may 
be controlled. 

[0049] According to the invention as described above, 
the Fischer-Tropsch synthesis is carried out in the first 
stage, and hydrocracking and isomerization are earned 
out in the second stage, such that these reactions are 
conducted under the conditions most suitable f orthe re- 
spective catalysts. As a result, the selectivity for lower 
isoparaffins as a target product can be increased. 
[0050] In the first reaction stage, a wax component 
produced in the FT synthesis can be quickly decom- 
posed by the solid acid catalyst comprising zeolite which 
is mixed with the FT synthesis catalyst, and therefore 
the FT synthesis can be accomplished with high stabil- 
ity. 

[0051] In the second reaction stage in which the solid 
acid catalyst mixed with the hydrogenation catalyst is 
used, olefins generated in the first-stage reaction are 
hydrogenated by the hydrogenation catalyst, and there- 
fore polymerization of olefins can be prevented or sup- 
pressed. This can prevent deactivation of the catalyst 
due to tar that would result from polymerization of olefins 
on the solid acid catalyst. If hydrogen is added in the 
second reaction stage, the hydrogenation of the olefins 
can be further promoted or accelerated. 
[0052] Although the invention has been described in 
connection with preferred embodiments thereof, it will 
be appreciated by those skilled in the art that additions, 
deletions, modifications, and substitutions not specifi- 
cally described may be made without departing from the 
spirit and scope of the invention as defined in the ap- 
pended claims, 

[0053] A process for synthesis of lower isoparaffins 
from synthesis gas that is a mixture of hydrogen and 
carbon monoxide, wherein straight chain hydrocarbons 
are synthesized while isoparaffins and isoofefins are al- 



so produced through decomposition of hydrocarbons 
having a higher carbon number by use of a solid acid 
catalyst in the first stage, and isoparaffins are synthe- 
sized in the second stage. The straight chain hydrocar- 

5 bons are produced by contacting the synthesis gas with 
a Fischer-Tropsch synthesis catalyst that is mixed with 
a solid acid catalyst for mainly hydrocracking long chain 
hydrocarbons. The isoparaffins are produced by con- 
tacting the straight chain hydrocarbons synthesized in 

10 the first stage, with a mixture of a hydrogenation catalyst 
for hydrogenating olefins and a solid acid catalyst for 
hydrocracking and isomerizing the straight chain hydro- 
carbons. 

15 

Claims 

1. A process for synthesis of lower isoparaffins from 
synthesis gas that is a mixture of hydrogen and car- 

20 bon monoxide, characterized by comprising the 
steps of: 

synthesizing straight chain hydrocarbons in a 
first stage (1 0) by contacting the synthesis gas 

25 with a Fischer-Tropsch synthesis catalyst that 

is mixed with a solid acid catalyst for mainly hy- 
drocracking long chain hydrocarbons; and 
synthesizing isoparaffins in a second stage (1 2) 
by contacting the straight chain hydrocarbons 

30 synthesized in the first stage, with a mixture of 

a hydrogenation catalyst for hydrogenating ole- 
fins and a solid acid catalyst for hydrocracking 
and isomerizing the straight chain hydrocar- 
bons. 

35 

2. The process as defined in claim 1 , characterized 
in that the Fischer-Tropsch synthesis catalyst com- 
prises one selected from the group consisting of co- 
balt (Co) supported by silica and CoMn0 2 prepared 

40 by a coprecipitation method. 

3. The process as defined in claim 1 or claim 2, char- 
acterized in that the hydrogenation catalyst com- 
prises one of paradium (Pd) and platinum (Pt) sup- 

45 ported by silica, 

4. The process as defined in claim 1 or claim 2, char- 
acterized in that the hydrogenation catalyst com- 
prises one of paradium (Pd) and platinum (Pt) di- 
sc rectiy supported by the solid acid catalyst. 

5. The process as defined in any one of claims 1-4, 
characterized by further comprising the step of 
adding hydrogen to the second stage in which the 

55 isoparaffins are synthesized. 

6. The process as defined in any one of claims 1-5, 
characterized in that synthesis of the straight 
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chain hydrocarbons in the first stage is carried out 
at a temperature in a range of 240 to 260°C r and 
synthesis of the isoparaffins in the second stage is 
carried out at a temperature in a range of 280 to 
320 a C. 5 
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FIG. 6 



40 



30 



g 20 
O 

ID 

0 



H-Mor+Pd/Si02 



CO CONVERSION RATI077.8X 



lISOPARAFFIN 
n-PARAFFIN 



EL 



i 



2 



A H n 



C1 



C3 



C5 



C7 



C9 



FI G. 7 



40 

30 



% 20 
o 

ID 

10 



H-ZSM-5+Pd/Si02 CO CONVERSION RATI077.1% 



0 



lISOPARAFFIN 
n-PARAFFIN 



0_B 



C1 



C3 



C5 



C7 



C9 



FI G. 8 



o 

ID 



40 



30 



20 



—I 10 H 



H-USY+Pd/Si02 



C1 



1 

C3 



la 

C5 



CO CONVERSJON RATI075K 



JISOPARAFRN 
n-PARAFFIN 



C7 



C9 



EP 1 142 980 A2 



FI G. 9 



40 



30 



g 20 
o 

UJ 

hi 



H-Beta+Pd/Si02 r-, CO CONVERSION RATI078.8% 



/A C2L 



I 



I 



ISOPARAFRN 
n-PARAFRN 



C1 



C3 



C5 



C7 



C9 



FI G. 10 



o 



ut 



90 
80 



v — ' 

It 
2 5 




60 
50 



w b 40 

O UJ 
O CO 



30 
20 



10 
0 



CO^CONVERSION RATIO 




C4 to Ce ISOPARAFRN SELECTIVITY 



-A A- 



CH4 SELECTIVITY 



0 5 10 15 20 25 30 35 

REACTION TIME( h ) 



M Ml i)i \mmh \ mmmmmm 



EP 1 142 980 A2 



FIG. 11 



_H-USY+Pd/S»02 
~©250°C(f)280 o C 



1 



JZ2L 



I 



CO CONVERSION RATI076.4% 

ISOPARAFRN 
OLERN 
rr-PARAFFlN 



1 



I 



Ct 



C2 C3 C4 C5 C6 C7 



C8 



FIG. 12 



H-USY+Pd/Si02 
"(D250°C(D300 o C 



1 



771 



1 



1 



CO CONVERSION RATI075K 

B ISOPARAFRN 
OLEFIN 
n-PARAFRN 



ct 



C2 C3 C4 C5 C6 C7 C8 



FIG. 13 



H-USY+Pd/Si02 
"®250°C(D320 o C 



CO CONVERSION RATI075.9K 



ISOPARAFRN 

OLERN 

n-PARAFFIN 



I 



a 



J23L 



C1 C2 C3 



C4 



C5 C6 C7 C8 



(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(ID EP1 142 980 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

18.12.2002 Bulletin 2002/51 

(43) Date of publication A2: 

10.10.2001 Bulletin 2001/41 

(21) Application number: 01108394.6 

(22) Date of filing: 03.04.2001 



(51) mt ci 7: C10G 45/60, C10G 2/00, 
C10G 69/02, C07C1/10 



(84) Designated Contracting States: 


(72) Inventors: 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


• Fujimoto, Kaoru 


MC NL PT SE TR 


Toyota-shi, Aichi-ken, 471-8571 (JP) 


Designated Extension States: 


• Tsubaki, Noritatsu 


AL LT LV MK RO SI 


Toyota-shi, Aichi-ken, 471-8571 (JP) 


(30) Priority: 04.04.2000 JP 2000102047 


(74) Representative: 




Leson, Thomas Johannes Alois, Dipl.-lng. 


(71) Applicants: 


Patentanwalte 


• TOYOTA JIDOSHA KABUSHIKI KAISHA 


Tiedtke-Biihling-Kinne & Partner, 


Aichi-ken 471-8571 (JP) 


Bavariaring 4 


* Genesis Research Institute, Inc. 


80336 Munchen (DE) 


Nagoya-shi, Aichi-ken 451-0051 (JP) 





(54) Process for synthesis of lower i so paraffins from synthesis gas 



(57) A process for synthesis of lower isoparaffins 
from synthesis gas that is a mixture of hydrogen and 
carbon monoxide, wherein straight chain hydrocarbons 
are synthesized while isoparaffins and isooiefins are al- 
so produced through decomposition of hydrocarbons 
having a higher carbon number by use of a solid acid 
catalyst in the first stage, and isoparaffins are synthe- 
sized in the second stage. The straight chain hydrocar- 



bons are produced by contacting the synthesis gas with 
a Fischer-Tropsch synthesis catalyst that is mixed with 
a solid acid catalyst for mainly hydrocracking long chain 
hydrocarbons. The isoparaffins are produced by con- 
tacting the straight chain hydrocarbons synthesized in 
the first stage, with a mixture of a hydrogenation catalyst 
for hydrogenating olefins and a solid acid catalyst for 
hydrocracking and isomerizingthe straight chain hydro- 
carbons. 



FIG. 1 



CO 
< 

o 

00 
0> 

<M 



C0+H2 



10 



F-T SYNTHESIS 
(hydrocracking) 



H2 



12 



HYDROCRACKING 
AND 
ISOMERIZATION 
(hydrogenation) 



ISOPARAFFINS 



UJ 



EP 1 142 980 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 10 8394 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with indication, where appropriate. 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI.7) 



US 4 097 364 A (EGAN CLARK J) 
27 June 1978 (1978-06-27) 

* column 4, line 30 - column 8, line 25; 
claims 1,3; examples 4,5 * 

EP 0 512 635 A (SHELL INT RESEARCH) 
11 November 1992 (1992-11-11) 

* page 2, line 1 - page 5, line 15; claims 
1,4,5,7-9 * 

US 3 702 886 A (ARGAUER ROBERT J ET AL) 
14 November 1972 (1972-11-14) 

* column 4, line 74 - column 5, line 16 * 

* column 7, line 66 - column 8, line 4; 
claim 1 * 

US 4 269 783 A (BRENNAN JAMES A ET AL) 
26 May 1981 (1981-05-26) 

* column 1, line 51 - line 56 * 

* cplumn 3, line 50 - line 60; claims 1,4 



1,4-6 
1-6 

1,2,4-6 
1-6 



C10G45/6O 
C10S2/00 
C10G69/O2 
C07C1/10 



1-6 



TECHNICAL FIELDS 
SEARCHED (lnt.Ci.7) 



US 4 463 101 A (GARWOOD WILLIAM E 

31 July 1984 (1984-07-31) 

* column 4, line 4 - line 32 * 



ET AL) 



1,2 



C10G 
C07C 



The present search report has been drawn up for an claim 6 



Place cl »wch 

THE HAGUE 



Dale of canptetien <y the searcf t 

25 October 2002 



Deurinck, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant it taken aione 

V : particularly relevant II combined w)1h another 

document of the same calegory 
A technoiogicai background 
O : non-wrtten disclosure 
P : intermediate document 



f : theory or principle underlying Ihe Invert ion 
£ : earlier patent document, but published on. or 

alter Ihe liiing date 
D : document cited tn the application 
L : document cited for other reasons 

& : member of the same patent famify. corresponding 
document 



EP 1 142 980 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. EP 01 10 8394 



This annex lists the paient family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP tite on 

The European Patent Office is In no way liable tor these particulars which are merely given tor the purpose of information. 

25-10-2002 



Patent document 
cited in search report 


Publication 
date 


Patent family 
member(s) 


Publication 
date 


us 


4097364 


A 


27- 


•06-1978 


ZA 


7603005 A 


27-04-1977 


EP 


0512635 


A 


11- 


•11-1992 


AU 


652627 B2 


01-09-1994 












AU 


1604092 A 


12-11-1992 












CA 


2068026 Al 


08-11-1992 












DE 


69216903 Dl 


06-03-1997 












DE 


69216903 T2 


26-06-1997 












DK 


512635 T3 


10-02-1997 












EP 


0512635 A2 


11-11-1992 












NO 


921777 A 


09-11-1992 












SG 


73384 Al 


20-06-2000 












US 


5292983 A 


08-03-1994 












ZA 


9203236 A 


30-12-1992 



US 3702886 A 14-11-1972 US 3790471 A 05-02-1974 



US 4269783 A 26-05-1981 NONE 

US 4463101 A 31-07-1984 US 4361503 A 30-11-1982 



o 

ui For more details about this annex :see Official Journal of the European Patent Office, No. 12/82 



